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DESCRIPTION 

STREAK DEVICE 
Technical Field 

[0001] The present invention relates to a streak apparatus. 
Background Art 

[0002] Streak apparatuses are for converting the temporal intensity 
distribution of to-be-measured light into a spatial intensity distribution 
on an output screen (refer to Patent Documents 1 and 2, for example). 
In such streak apparatuses, to-be-measured light first enters a 
photoelectric surface provided at one end of a streak tube. Then, 
acceleration electrodes accelerate a group of photoelectrons emitted 
from the photoelectric surface in accordance with the intensity of the to- 
be-measured light to cause them to travel toward a fluorescent screen 
provided at the other end of the streak tube. 

[0003] In the streak tube, there are provided deflection electrodes 
composed of a pair of electrodes facing each other across the tube axis 
between the photoelectric surface and the fluorescent screen. Then, a 
deflection voltage is applied to the group of photoelectrons emitted from 
the photoelectric surface when passing between the deflection 
electrodes. This causes the group of photoelectrons to be deflected at 
different angles in the direction approximately perpendicular to the tube 
axis to enter the fluorescent screen and then to form a so-called streak 
image. Thus, the change in brightness in the sweep direction of the 
streak image shows the temporal change in the intensity of the to-be- 
measured light that enters the photoelectric surface. 
Patent Document 1 : Japanese Patent Publication No. H04-79465 
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Patent Document 2: Japanese Patent Publication No. H04-73257 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0004] Although in order to measure higher-speed phenomena, there 
5 have recently been increasing demands for higher temporal resolution of 

to-be-measured light, it is becoming difficult to respond to demand 

using such streak apparatuses as mentioned above. 

[0005] Hence, an object of the present invention is to provide a streak 

apparatus capable of achieving a higher temporal resolution. 
1 0 Means for Solving the Problems 

[0006] The present inventor has devoted oneself to making an intense 

study of further improving the temporal resolution of streak apparatuses. 

Then, it is found that conventional streak apparatuses convert the 

temporal change information of the intensity of to-be-measured light 
15 into the temporal change in the number of photoelectrons in a 

photoelectric surface, which mainly limits the temporal resolution 

thereof. 

[0007] Accordingly, in order to solve the above-described problems, a 
streak apparatus according to the present invention includes: a vacuum 

20 container having an electron beam source provided on one end side to 

emit an electron beam and an output section provided on the other end 
side to convert the electron beam emitted from the electron beam source 
into an image; an accelerating section provided in the vacuum container 
to accelerate the electron beam emitted from the electron beam source; 

25 an irradiation optical system for collecting and applying to-be-measured 

light to the electron beam accelerated by the accelerating section; and a 



2 



FP04-0477-00 



sweep section provided between the accelerating section and the output 
section in the vacuum container to sweep the electron beam having 
interacted with the to-be-measured light in a direction approximately 
perpendicular to the direction of a displacement of the electron beam 
5 generated through the interaction. 

[0008] In the arrangement above, the electron beam emitted from the 
electron beam source is accelerated by the accelerating section and 
travels in the vacuum container. The electron beam is irradiated with 
the to-be-measured light collected by the irradiation optical system to 
10 result in an interaction between the to-be-measured light and the 

electron beam. In this case, the strong electromagnetic field of the 
collected to-be-measured light causes the electron beam to be displaced 
depending on the intensity of the to-be-measured light. 
[0009] The sweep section sweeps the electron beam having interacted 
15 with the to-be-measured light in a direction approximately 

perpendicular to the direction of the displacement. Then, the electron 
beam enters the output section provided on the other end side of the 
vacuum container to be converted into an image. In the image 
converted in the output section, the sweep direction of the electron beam 
20 by the sweep section corresponds to the time axis, while the axis 

approximately perpendicular to the time axis corresponds to the 
displacement of the electron beam, that is, the intensity of the 
electromagnetic field of the to-be-measured light. That is, the streak 
apparatus can provide a so-called streak image that shows the temporal 
25 change in the intensity of the to-be-measured light. 

[0010] As mentioned above, the thus arranged streak apparatus makes it 
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possible to pick up the temporal change in the intensity of the to-be- 
measured light. Also, in this streak apparatus, the to-be-measured light 
and the electron beam interact with each other so that the intensity 
information of the to-be-measured light is recorded into the electron 
beam. It is therefore possible to achieve a higher temporal resolution 
than in the conventional case where the temporal change information of 
the intensity of to-be-measured light is converted into the number of 
photoelectrons via a photoelectric surface. 
Effects of the Invention 

[0011] In a streak apparatus according to the present invention, to-be- 
measured light and an electron beam interact with each other so that the 
intensity information of the to-be-measured light is recorded into the 
electron beam. Therefore, the present invention can provide a streak 
apparatus capable of achieving a higher temporal resolution. 
Brief Description of the Drawings 

[0012] [FIG. 1] Fig. 1 is a block diagram illustrating the principle of a 
streak apparatus according to the present invention. 

[FIG. 2] Fig. 2 is a schematic diagram of an image obtained by 

the streak apparatus 1 . 

[FIG. 3] Fig. 3 is a view showing an example of a method for 
interaction between to-be-measured light R and an electron beam E. 

[FIG. 4] Fig. 4 is a view showing another example of a method 
for interaction between to-be-measured light R and an electron beam E. 

[FIG 5] Fig. 5 is a schematic view showing the configuration of 
a streak apparatus la according to a first embodiment. 

[FIG. 6] Fig. 6 is a schematic diagram of an irradiation optical 
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system 40. 

[FIG. 7] Fig. 7 is a schematic view showing the configuration of 
a streak apparatus lb according to a second embodiment. 

[FIG. 8] Fig. 8 is a view illustrating a method for magnifying the 
5 displacement of an electron beam E. 

[FIG. 9] Fig. 9 is a schematic diagram of a modification of the 

irradiation optical system 40. 

[FIG. 10] Fig. 10 is a schematic diagram of a modification of the 

sweep section 50. 

10 [fig 11] Fig. 11 is a schematic diagram of a modification of the 

streak apparatus lb. 
Description of the Symbols 

[0013] 1, la, lb - Streak apparatus, 10 - Vacuum container, 20 - 
Electron beam source, 20A - Photoelectric surface, 30 - Accelerating 
15 section, 31 - RF cavity, 40 - Irradiation optical system, 50 - Sweep 

section, 53 - RF cavity, 60 - Output section, 70A - First electron lens 
(electron lens system), 70B - Second electron lens (electron lens 
system), 70C - Third electron lens (electron lens system). 
Best Modes for Carrying Out the Invention 
20 [0014] A streak apparatus according to the present invention will 

hereinafter be described in detail with reference to the accompanying 
drawings. Additionally, in the descriptions of the drawings, identical 
components are designated by the same reference numerals to omit 
overlapping description. 
25 [0015] Fig. 1 is a block diagram illustrating the principle of a streak 

apparatus according to the present invention. As shown in Fig. 1, the 
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streak apparatus 1 has: an electron beam source 20 provided on one end 
side of a vacuum container 10 to emit an electron beam E; an 
accelerating section 30 for accelerating the electron beam E; an 
irradiation optical system 40 for collecting and applying to-be-measured 
5 light R to the electron beam E accelerated by the accelerating section 

30; a sweep section 50 for sweeping the electron beam E irradiated with 
the to-be-measured light R; and an output section 60 provided on the 
other end side of the vacuum container 10 to convert and output the 
electron beam E into an image. 
10 [0016] In the thus arranged streak apparatus 1, the electron beam E 

emitted from the electron beam source 20 is accelerated by the 
accelerating section 30 to a high speed (e.g. about lOMeV). The thus 
accelerated electron beam E is irradiated with the to-be-measured light 
R collected by the irradiation optical system 40. This causes the 
15 electron beam E and the to-be-measured light R to interact with each 

other so that the electromagnetic field of the to-be-measured light R 
causes the electron beam E to be displaced. The region on the 
trajectory of the electron beam E where interacting with the to-be- 
measured light R will hereinafter be referred to as an interaction region 
20 a. 

[0017] The sweep section 50 sweeps and outputs the electron beam E 
having interacted with the to-be-measured light R in a direction 
approximately perpendicular to the direction of the displacement of the 
electron beam E. The electron beam E output from the sweep section 
25 50 enters the output section 60 to be converted into an image. 

[0018] Fig. 2 is a schematic diagram of an image obtained by the streak 
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apparatus 1 . The horizontal axis represents the sweep direction of the 
sweep section 50, corresponding to the time axis. The vertical axis 
represents the magnitude of the displacement of the electron beam E 
generated through the interaction with the to-be-measured light R. The 
5 magnitude of the displacement of the electron beam E depends on the 

intensity of the to-be-measured light R. Therefore, the vertical axis 
corresponds to the intensity of the to-be-measured light R. That is, the 
streak apparatus 1 can provide a so-called streak image S that shows the 
temporal intensity distribution of the to-be-measured light R. 
10 [0019] Fig. 3 and Fig. 4 show examples of methods for interaction 

between to-be-measured light R and an electron beam E. The to-be- 
measured light R and the electron beam E may interact with each other 
by making the to-be-measured light R incident approximately parallel 
with the propagation direction of the electron beam E as shown in Fig. 3, 
15 or by making the to-be-measured light R incident approximately 

perpendicular to the propagation direction of the electron beam E as 
shown in Fig. 4. Since the case shown in Fig. 3 can achieve a 
relatively longer length D where the electron beam E and the to-be- 
measured light R overlap each other, the electron beam E is likely to 
20 have a greater displacement. 

[0020] Next will be described specific embodiments of streak 
apparatuses to which the above-described principle is applied. 
[0021] (First Embodiment) 

Fig. 5 is a schematic view showing the configuration of a streak 
25 apparatus la as a first embodiment of the foregoing streak apparatus 1 

In the following descriptions, the electron beam source 20 is a 



7 



FP04-0477-00 



photoelectric surface 20A for converting and outputting received light 
into photoelectrons, unless otherwise specified. Also, for the sake of 
convenience in making descriptions, the tube axis direction will be 
referred to as the X direction, the direction perpendicular to the paper 
surface as the Z direction, and the direction perpendicular to the X and 
Z directions as the Y direction. 

[0022] The streak apparatus la includes a vacuum container 10 for 
traveling of an electron beam E, an accelerating section 30, an 
irradiation optical system 40, and a sweep section 50. 
[0023] The vacuum container 10 has a cylindrical shape and is provided 
with an optically transparent window 11 at one end thereof. Then, the 
photoelectric surface 20A is formed on the surface of the optically 
transparent window 11 inside the vacuum container 10. The 
photoelectric surface 20A is formed at the position where the center axis 
(tube axis) of the vacuum container 10 intersects with the optically 
transparent window 11. The photoelectric surface 20A is, for example, 
a gold thin film deposited on the optically transparent window 11 at a 
thickness of several tens of nanometers. 

[0024] The photoelectric surface 20A receives a laser beam made 
incident through the optically transparent window 11 and emits 
photoelectrons (electron beam E) into the vacuum container 10 from the 
surface opposite the surface where the laser beam enters. 
[0025] There is also provided an output section 60 on the end side of 
the vacuum container 10 opposite the optically transparent window 11 
in the X direction. The output section 60 includes a micro-channel 
plate (MCP) 61, a fluorescent screen 62, and an output window 12 
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provided at the other end of the vacuum container 10. The MCP 61 is 
adapted to multiply the electron beam E input through the MCP input 
surface 61a and to output the beam toward the fluorescent screen 62. 
The fluorescent screen 62 is adapted to convert the electron beam E 
from the MCP 61 into a visible-light image. The visible-light image 
converted in the fluorescent screen 62 is to be observed through the 
output window 12 using an optical relay lens and a TV camera arranged 
outside the window. 

[0026] The accelerating section 30 includes an RF cavity 31 and is 
arranged next to the optically transparent window 11. The one 
sidewall 31a of the RF cavity 31 on the side of the optically transparent 
window 11 includes the photoelectric surface 20A. Also, the sidewall 
31b of the RF cavity 31 is connected with an introduction pipe 32 for 
introducing a microwave M into the RF cavity 31. The photoelectrons 
emitted from the photoelectric surface 20A are to be accelerated to 
about lOMeV (i.e. near the speed of light) through the electromagnetic 
field of the microwave M introduced into the RF cavity 31 and then 
output through an opening. Additionally, in the present embodiment, 
the electron beam E propagates along the tube axis. More concretely, 
the cross-sectional center of the electron beam in a plane approximately 
perpendicular to the tube axis corresponds approximately with the 
intersection of the plane with the tube axis. 

[0027] The sweep section 50 is arranged between the accelerating 
section 30 and the output section 60 in the vacuum container 10. The 
sweep section 50 includes a pair of deflection electrodes 51 and 52 
arranged in a facing manner across the tube axis. In the streak 
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apparatus la, the deflection electrodes 51 and 52 are arranged in parallel 
in the Z direction. In the figure, the deflection electrodes 5 1 and 52 are 
drawn in a slightly displaced manner to indicate that the deflection 
electrode 52 is provided in a deeper position. 

[0028] Between the accelerating section 30 and the sweep section 50 
and on the tube axis, there is formed a first electron lens (electron lens 
system) 70A. The first electron lens 70A is formed by a first focusing 
coil 71 A provided around the vacuum container 10. The first focusing 
coil 71 A is provided with the tube axis as a center axis, and is connected 
to a coil power supply 72. The first focusing coil 7 1 A is arranged, for 
example, about several hundreds of millimeters apart from the RF 
cavity 31 toward the output section 60. 

[0029] Further, in the peripheral wall of the vacuum container 10 
between the first electron lens 70A (or first focusing coil 71A) and the 
sweep section 50, there are provided an incident window 13 for 
introducing to-be-measured light R into the vacuum container 10 and an 
exit window 14 for bringing the to-be-measured light R out of the 
vacuum container 10. The incident window 13 is provided, for 
example, about 50mm apart from the first focusing coil 71 A toward the 
output section 60. 

[0030] The irradiation optical system 40 includes a pair of reflecting 
mirrors 41 and 42 and a lens 43. The reflecting mirrors 41 and 42 are 
adapted to cause the to-be-measured light R introduced into the vacuum 
container 10 through the incident window 13 to interact with the 
electron beam E. The reflecting mirrors 41 and 42 are planar mirrors, 
being arranged in parallel in the X direction between the accelerating 
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section 30 and the sweep section 50 and on the tube axis. The spacing 
between the reflecting mirrors 41 and 42 is, for example, about several 
millimeters. There are formed openings 41a and 42a for passing the 
electron beam E therethrough in the respective reflecting mirrors 41 and 
42. 

[0031] The reflecting mirror 41 is inclined with respect to the tube axis 
and is arranged in such a manner as to reflect the to-be-measured light R 
made incident through the incident window 13 toward the reflecting 
mirror 42. Also, the reflecting mirror 42 is inclined with respect to the 
tube axis and is arranged in such a manner as to reflect the to-be- 
measured light R from the reflecting mirror 41 toward the exit window 
14. 

[0032] The lens 43 is a refractive imaging lens. The lens 43 is adapted 
to collect the to-be-measured light R between the reflecting mirrors 41 
and 42 and on the trajectory of the electron beam E (i.e. on the tube 
axis) at a diameter of, for example, about several tens of micrometers. 
The lens 43 is arranged outside the vacuum container 10, and the to-be- 
measured light R passes through the lens 43 and then enters the vacuum 
container 10 through the incident window 13. 

[0033] The streak apparatus la further has: a light source section 80 for 
generating a laser beam to be made incident to the photoelectric surface 
20A; an input optical system 90 for incidence of the laser beam from the 
light source section 80 to the photoelectric surface 20A; a to-be- 
measured light generating section 100 for generating to-be-measured 
light R; and a sweep control section 110 for controlling the sweep 
section 50. 
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[0034] The light source section 80 includes a laser generating device 81 
and a higher-harmonic wave generating device 82. The laser 
generating device 81 is, for example, a Ti-sapphire laser for generating a 
laser beam with a wavelength of 800nm and a pulse width of about 
lOOfs. Additionally, the laser generating device 81 is adapted to output 
an output signal to the to-be-measured light generating section 100 in 
accordance with the output timing of the laser beam. 
[0035] The higher-harmonic wave generating device 82 is adapted to 
convert the laser beam output from the laser generating device 81 into 
light with a wavelength that causes the photoelectric surface 20A to 
emit photoelectrons, for example, into a laser beam with a wavelength 
of about 270nm if the photoelectric surface 20 A is a gold thin film. 
[0036] The input optical system 90 has a reflecting mirror 91, an 
aperture 92, and a lens 93. The laser beam from the higher-harmonic 
wave generating device 82 is to be reflected at the reflecting mirror 91 
to enter the photoelectric surface 20A, which is deposited on the 
optically transparent window 11, through the aperture 92 and the lens 93. 
[0037] The aperture 92 and the lens 93 are for limiting the increase in 
the diameter of the laser beam on the photoelectric surface 20A. The 
aperture 92 and the lens 93 are adapted to collect the laser beam on the 
photoelectric surface 20A at a diameter of, for example, about lOum. 
This allows both the diameter of the electron beam E in the interaction 
region a where the electron beam E generated from the photoelectric 
surface 20A and the to-be-measured light R interact with each other and 
that of the electron beam E on the MCP 61 to be several tens of 
micrometers or less. 
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[0038] The to-be-measured light generating section 100 includes a 
delay circuit 101 and a to-be-measured light generating device 102. 
The delay circuit 101 is connected electrically to the laser generating 
device 81 and the to-be-measured light generating device 102. The 
delay circuit 101 is adapted to input the output signal from the laser 
generating device 81 to the to-be-measured light generating device 102 
in such a manner as to match the timing between the to-be-measured 
light R and the electron beam E, that is, at an adjusted timing so that the 
to-be-measured light R and the electron beam E interact with each other. 
Additionally, such delay means may employ an optical delaying device 
instead of an electrical delaying device. 

[0039] The to-be-measured light generating device 102 is, for example, 
a laser light source, being adapted to output to-be-measured light R 
using the signal input from the delay circuit 101 as a trigger. The to- 
be-measured light R output from the to-be-measured light generating 
device 102 is divided into two light beams at a half mirror 120, one of 
which enters the vacuum container 10 through the lens 43 and the 
incident window 13. 

[0040] The other to-be-measured light R divided at the half mirror 120 
enters the sweep control section 110. The sweep control section 110 
includes a lens 111, a detector 112, a delay circuit 113, and a sweep 
circuit 114. 

[0041] The lens 111 is adapted to collect the to-be-measured light R 
after passing through the half mirror 120 to be made incident to the 
detector 112. The detector 112 is, for example, a PIN diode, being 
adapted to detect the to-be-measured light and then to input a detection 
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signal to the delay circuit 113. The delay circuit 113 is adapted to 
input the detection signal input from the detector 112 to the sweep 
circuit 114 at an adjusted timing so that a deflection voltage is applied to 
the sweep section 50 when the electron beam E enters the sweep section 
50. 

[0042] The sweep circuit 114 is connected electrically to the deflection 
electrodes 51 and 52, being adapted to apply a deflection voltage 
between the deflection electrodes 51 and 52 using the signal from the 
delay circuit 113 as a trigger. 

[0043] The thus arranged irradiation optical system 40 will be described 
in more detail. Fig. 6 is a schematic diagram of the irradiation optical 
system 40. 

[0044] As mentioned above, the irradiation optical system 40 includes 
the reflecting mirrors 41 and 42 and the lens 43. The reflecting mirror 
41 is adapted to reflect the to-be-measured light R after passing through 
the lens 43 toward the reflecting mirror 42. Here, the reflecting mirror 
41 is arranged in such a manner that the to-be-measured light R is 
reflected at a region nearer the lens 43 with respect to (above in the 
figure) the opening 41a, and that the reflected light propagates toward a 
region on the reflecting mirror 42 below the opening 42a in the figure. 
[0045] The arrangement above causes the to-be-measured light R to 
intersect with the electron beam E while propagating approximately 
parallel with the traveling direction of the electron beam E. Therefore, 
the width D of the interaction region a where the to-be-measured light 
R and the electron beam E overlap each other is increased relatively. 
[0046] In addition, the lens 43 is arranged in such a manner, as 
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mentioned above, that the diameter of the to-be-measured light R is 
minimized (i.e. the to-be-measured light R is focused) in the region 
(interaction region a) where the to-be-measured light R and the electron 
beam E intersect with each other. This causes the electromagnetic 
5 field of the to-be-measured light R to be strengthened relatively in the 

interaction region a. 

[0047] The operation of the thus arranged streak apparatus la will be 
described with reference to Fig. 5. In the following descriptions, the 
laser generating device 81 is a Ti-sapphire laser as mentioned above. 
10 Further, the higher-harmonic wave generating device 82 is adapted to 

convert a laser beam from the laser generating device 81 into light with 
a wavelength of 270nm. 

[0048] First, the laser generating device 81 generates a laser beam with 
a wavelength of 800nm and a pulse width of about lOOfs. Here, an 
15 output signal is input to the delay circuit 101 in response to the output of 

the laser beam from the laser generating device 81 
[0049] The laser beam from the laser generating device 81 enters the 
higher-harmonic wave generating device 82 to be converted into a laser 
beam with a wavelength of 270nm and then output from the higher- 
20 harmonic wave generating device 82. The laser beam output from the 

higher-harmonic wave generating device 82 is guided into the vacuum 
container 10 through the reflecting mirror 91 The laser beam from the 
reflecting mirror 91 passes through the aperture 92 and the lens 93 to be 
collected in such a manner as to have a diameter of about lOum on the 
25 photoelectric surface 20A and then reach the photoelectric surface 20A. 

[0050] When the laser beam thus enters the photoelectric surface 20A, 
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photoelectrons (electron beam E) are emitted from the photoelectric 
surface 20A into the RF cavity 31. Here, since the light with a pulse 
width of lOOfs enters the photoelectric surface 20 A, the photoelectric 
surface 20A correspondingly generates a high-density pulse electron 
beam E with a pulse width of lOOfs. 

[0051] The electron beam E is accelerated to about lOMeV through the 
electromagnetic field of the microwave M introduced into the RF cavity 
31 and then output toward the output section 60. The electron beam E 
output from the RF cavity 31 is to be focused on the MCP input surface 
61a through the first electron lens 70A. The electron beam E after 
passing through the first electron lens 70A interacts with to-be- 
measured light R between the pair of reflecting mirrors 41 and 42 before 
reaching the MCP 61, and then is swept by the sweep section 50 in a 
direction approximately perpendicular to the paper surface. 
[0052] Here will be described (1) a method for interaction between the 
to-be-measured light R and the electron beam E and (2) a method for 
sweeping the electron beam E after the interaction. 
[0053] First will be described (1) a method for interaction between the 
to-be-measured light R and the electron beam E. 

[0054] An output signal is input from the laser generating device 81 to 
the delay circuit 101 in response to the output of the laser beam from the 
laser generating device 81. The output signal is input to the to-be- 
measured light generating device 102 after being adjusted for a certain 
period of time in the delay circuit 101. The to-be-measured light 
generating device 102 outputs to-be-measured light R using the signal 
from the delay circuit 101 as a trigger. The to-be-measured light R 
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output from the to-be-measured light generating device 102 is divided 
into two components: one for incidence to the vacuum container 10 
through the half mirror 120; and the other for incidence to the sweep 
control section 110. 

[0055] The to-be-measured light R reflected at the half mirror 120 and 
bent toward the vacuum container 10 is introduced into the vacuum 
container 10 through the lens 43 and the incident window 13. Then, as 
shown in Fig. 5 and Fig. 6, the to-be-measured light R is reflected at a 
region on the reflecting mirror 41 above the opening 41a to propagate 
toward a region on the reflecting mirror 42 below the opening 42a. 
[0056] The to-be-measured light R is generated at an adjusted timing so 
that the to-be-measured light R and the electron beam E can interact 
with each other. Therefore, the to-be-measured light R thus reflected 
at the reflecting mirror 41 and the electron beam E overlap and interact 
with each other between the reflecting mirrors 41 and 42. The to-be- 
measured light R reaching the reflecting mirror 42 after the interaction 
with the electron beam E is further reflected at the reflecting mirror 42 
to be drawn out of the vacuum container 10 through the exit window 14. 
[0057] As mentioned above, the electron beam E and the to-be- 
measured light R interact with each other between the reflecting mirrors 
41 and 42. That is, the interaction region a where the electron beam E 
and the to-be-measured light R interact with each other is positioned 
between the reflecting mirrors 41 and 42. The to-be-measured light R 
is collected by the lens 43 to have a diameter of, for example, about 
several tens of micrometers in this interaction region a. Thus, the 
electromagnetic field of the to-be-measured light R is strengthened in 
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the interaction region a, the strong electromagnetic field causing the 
electron beam E to be displaced. 

[0058] Although die direction of the displacement depends on the 
oscillation direction of the electromagnetic field of the to-be-measured 
light R, it is assumed in the present embodiment that the electron beam 
E is displaced in the Y direction due to the interaction with the to-be- 
measured light R. 

[0059] Next will be described (2) a method for sweeping the electron 
beam E having interacted with the to-be-measured light R. 
[0060] After being output from the to-be-measured light generating 
device 102 and divided at the half mirror 120, the to-be-measured light 
R transmitting through the half mirror 120 is detected in the detector 
112. A detection signal from the detector 112 is input to the delay 
circuit 113. Then, the signal is input from the delay circuit 113 to the 
sweep circuit 114 at an adjusted timing so that the sweep section 50 can 
sweep the electron beam E. The sweep circuit 1 14 applies a deflection 
voltage between the deflection electrodes 51 and 52 using the signal 
from the delay circuit 1 13 as a trigger. An electric field formed due to 
the deflection voltage sweeps the electron beam E. 
[0061] As mentioned above, the deflection voltage is applied between 
the deflection electrodes 51 and 52 at the timing where the high-density 
pulse electron beam E emitted from the photoelectric surface 20A 
passes through the sweep section 50. Thus, the electron beam E 
having interacted with the to-be-measured light R is swept by the 
electric field due to the deflection voltage. Since the deflection 
electrodes 51 and 52 are arranged in parallel in the Z direction, the 
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electron beam E is to be swept by the sweep section 50 in a direction 
approximately perpendicular to the direction of the displacement (+Z 
direction or -Z direction). 

[0062] The electron beam E swept by the sweep section 50 is input to 
5 the MCP input surface 61a. Here, since the electron beam E is 

collected by the first electron lens 70A, the electron beam E has a 
diameter of about several tens of micrometers on the MCP input surface 
61a. The electron beam E input to the MCP 61 is multiplied by the 
MCP 61 to be output on the fluorescent screen 62 and then converted 
10 into a visible-light image through the fluorescent screen 62. Then, the 

image is taken by the TV camera via the relay lens, which are provided 
outside the output window 12, to provide a streak image S as shown in 
Fig. 2. 

[0063] In the streak apparatus la according to the present embodiment, 
15 the to-be-measured light R and the electron beam E interact directly 

with each other to measure the temporal change in the displacement of 
the electron beam E generated by the electromagnetic field of the to-be- 
measured light R, that is, the temporal change in the intensity of the to- 
be-measured light R. Unlike the conventional case where the intensity 
20 information of to-be-measured light is converted into the density of 

photoelectrons via a photoelectric surface, it is possible to achieve a 
higher temporal resolution with an eye to, for example, attosecond range 
temporal resolution. 

[0064] Meanwhile, since the electromagnetic field of light has a large 
25 frequency, even if an electron beam and light may interact with each 

other, there can commonly be a case where a displacement of the 
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electron beam is cancelled by the opposite phase. 

[0065] However, in the streak apparatus la according to the present 
embodiment, since the electron beam E is accelerated by the 
accelerating section 30 to near the speed of light, the phase of the to-be- 
measured light R and the electron beam E is likely to be coherent. For 
example, if the to-be-measured light R has a wavelength of 800nm, it is 
possible to ensure a traveling distance of about 300|im until the mutual 
phase difference between the light and the electron beam reaches the 
half wavelength. It is therefore possible to detect the displacement of 
the electron beam E. Then, such a traveling distance is to be ensured 
by the irradiation optical system 40. 

[0066] Further, since the to-be-measured light R is collected to be 
applied to the electron beam E, the electromagnetic field of the to-be- 
measured light R is further strengthened in the interaction region a 
where the to-be-measured light R and the electron beam E interact with 
each other. It is therefore possible to cause the electron beam E to be 
further displaced relative to the case of being not collected, which 
facilitates the measurement of the displacement. 

[0067] In addition, since the to-be-measured light R is made incident 
diagonally to the traveling direction of the electron beam E, the 
component of the to-be-measured light R in the traveling direction of 
the electron beam E is likely to have a speed lower than that of light. 
It is therefore easy to keep the electron beam E in the same phase state 
as the electromagnetic field of the to-be-measured light R even if the 
electron beam E has a speed lower than that of light. 
[0068] Additionally, achieving an attosecond to femtosecond range 
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temporal resolution requires conditions such as reducing the Rayleigh 
length of the laser irradiation optical system, increasing the speed of the 
electron beam to a certain level, or more. In accordance with 
simulations, achieving a temporal resolution of about lOfs requires an 
electron beam speed of lMeV or more if the Rayleigh length is 2um, 
while an electron beam speed of 10 to 20MeV if the Rayleigh length is 
130pm. 

[0069] Also, the electron beam is to be accelerated not only in the 
direction of the displacement to be used for measurement but also in the 
traveling direction of the electron beam. This changes the arrangement 
of the electron beam also in the traveling direction of the electron beam, 
which may cause an error in the time axis direction. In order to reduce 
such an error, the electron beam preferably has a speed of lMeV or 
more. 

[0070] (Second Embodiment) 

Fig. 7 is a schematic view showing the configuration of a streak 
apparatus according to a second embodiment. The streak apparatus lb 
shown in Fig. 7 is different from the streak apparatus la according to 
the first embodiment in that the lens 43 is arranged inside the vacuum 
container 10, an aperture diaphragm electrode 130 is provided, and 
second and third electron lenses 70B and 70C are formed. In the 
streak apparatus lb, the first, second, and third electron lenses 70 A, 70B, 
and 70C constitute an electron lens system 70 for focusing an electron 
beam E emitted from the photoelectric surface 20A on the MCP 61 
[0071] The lens 43 is arranged inside the vacuum container 10 and has 
a shorter focal distance than that in the first embodiment. Thus, the 
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diameter of the to-be-measured light R in the interaction region a is 
about one-digit smaller than that in the first embodiment (e.g. several 
micrometers). Therefore, in the case of using to-be-measured light R 
having the same intensity as that in the first embodiment, the 
5 electromagnetic field of the to-be-measured light R is strengthened 

relatively in the interaction region a. 

[0072] The aperture diaphragm electrode 130 is arranged on the output 
side of the RF cavity 3 1 and on the tube axis. The aperture diaphragm 
electrode 130 has an opening 130a for passing the electron beam E 
10 therethrough, being adapted to reject the part of the electron beam E 

output from the RF cavity 31 outside the opening 130a. The opening 
130a has a diameter of, for example, about several tens of micrometers. 
This improves the focusing characteristics of the electron beam E onto 
the MCP input surface 61a. 
15 [0073] The second electron lens 70B is formed between the aperture 

diaphragm electrode 130 and the first electron lens 70 A. The second 
electron lens 70B is formed by a second focusing coil 71B provided 
between the accelerating section 30 and the first focusing coil 71A and 
around the vacuum container 10. The second focusing coil 7 IB is 
20 arranged with the tube axis as a center axis and is connected to the coil 

power supply 72. 

[0074] The second electron lens 70B is adapted to function as a 
collimator electron lens for limiting the spread of the electron beam E. 
The second electron lens 70B is also adapted to focus the electron beam 
25 E between the reflecting mirrors 41 and 42 together with the first 

electron lens 70A. Thus, the diameter of the electron beam E in the 
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interaction region a is smaller than that in the streak apparatus la, being 
about several micrometers, for example. It is further arranged that the 
focusing point M, of the electron beam E coincides approximately with 
the collection point of the to-be-measured light R collected by the lens 

43. 

[0075] The third electron lens 70C is adapted to magnify the 
displacement of the electron beam E to form an image on the MCP input 
surface 61a. That is, the third electron lens 70C is adapted to function 
as a magnifying electron lens. The third electron lens 70C is formed 
between the interaction region a and the sweep section 50, and more 
concretely between the reflecting mirror 42 and the sweep section 50. 
The third electron lens 70C is formed by a third focusing coil 71C 
provided between the incident window 13 and the sweep section 50 and 
around the vacuum container 10. The third focusing coil 71C is 
arranged with the tube axis as a center axis and is connected to the coil 
power supply 72. 

[0076] Additionally, such a magnifying electron lens may be provided 
in the stage following the sweep section 50. In general, a magnifying 
electron lens included in an electron lens system is arranged in the stage 
following an interaction region where to-be-measured light and an 
electron beam interact with each other, and is only required to magnify a 
displacement of the electron beam generated through the interaction 
with the to-be-measured light to form an image on an output section. 
This allows the displacement of the electron beam to be magnified and 
detected, which facilitates the detection even if the displacement may be 
small. 
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[0077] Fig. 8 is a view illustrating a method for magnifying the 
displacement of an electron beam E. The third electron lens 70C is 
arranged and formed in such a manner as to magnify the cross-section 
of the electron beam at the A-A line position, which is nearer the MCP 
5 61 than the focusing point Mi (e.g. about 1 5mm apart from the focusing 

point M, toward the MCP 61), to form an image on the MCP input 
surface 61a. This is for the reason that if the focusing point Mi is 
imaged on the MCP input surface 61a, no displacement of the electron 
beam E is to be imaged, although the focusing point Mi itself is 
1 0 magnified and imaged on the MCP input surface 6 1 a. 

[0078] As mentioned above, magnifying the cross-section of the 
electron beam along the A-A line allows a displacement d! at the A-A 
line position to be magnified to a displacement d 2 on the MCP input 
surface 61a. The magnifying power of the third electron lens 70C 
15 depends on, for example, the shape of the magnetic poles of the third 

focusing coil 71C, the coil current, and the position of the third electron 
lens 70C, capable of achieving several tens to several hundreds of times. 
[0079] Meanwhile, the diameter of the electron beam E itself is also 
increased at the A-A line position. Then, when the electron beam E 
20 passes through the third electron lens 70C, the diameter is also 

magnified and imaged on the MCP input surface 61a, which reduces the 
accuracy in detecting the amount of displacement on the fluorescent 
screen 62. However, in the streak apparatus lb according to the 
present embodiment, the focal depth can be increased using the aperture 
25 diaphragm electrode 130 and the second electron lens 70B, which can 

limit the reduction of the detection accuracy. 
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[0080] The operation of the streak apparatus lb according to the present 
embodiment is the same as that of the streak apparatus la according to 
the first embodiment. 

[0081] In the present embodiment, since the lens 43 is arranged inside 
the vacuum container 10 and has a short focal distance, the diameter of 
the to-be-measured light R is reduced in the interaction region a as 
mentioned above. Thus, the electromagnetic field of the to-be- 
measured light R is strengthened relatively in the interaction region a. 
Therefore, the electron beam E is likely to be displaced. The diameter 
of the electron beam E is also reduced in the interaction region a 
correspondingly to the fact that the diameter of the to-be-measured light 
R is reduced. Therefore, the electron beam E is still likely to be 
displaced even if the diameter of the to-be-measured light R is reduced. 
Further, the displacement generated in the interaction region a is 
magnified by the third electron lens 70C to be input to the MCP 61 . 
[0082] For the foregoing reasons, the streak apparatus lb can measure 
the temporal change in the intensity of to-be-measured light R even if 
the intensity may be small. 

[0083] Although the preferred embodiments of the present invention 
have been described above, it is a matter of course that the present 
invention is not limited to the first and second embodiments. For 
example, the irradiation optical system 40, which is composed of the 
refractive imaging lens 43 and the pair of reflecting mirrors 41 and 42, 
may be composed of a planar reflecting mirror 44 and a reflective 
concave mirror 45 as shown in Fig. 9. The reflecting mirror 44 and the 
concave mirror 45 have, respectively, openings 44a and 45a for passing 
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the electron beam E therethrough. 

[0084] In the case above, the to-be-measured light R made incident 
through the incident window 13 (refer to Fig. 5 or Fig. 7) is reflected at 
the reflecting mirror 44 toward the concave mirror 45. Then, the light 
is reflected again at the concave mirror 45 toward the reflecting mirror 
44. Here, the to-be-measured light R is collected on the tube axis to 
interact with the electron beam E. In this case, it is possible to 
simplify the configuration of the optical system as well as to obtain the 
temporal intensity distribution of the to-be-measured light R more 
precisely because no lens 43 is used to cause a temporal spread of the 
to-be-measured light R due to light dispersion when passing through the 
lens 43. 

[0085] Also, the electron beam source 20 is not limited to the 
photoelectric surface 20A, but may employ a micro emitter made of Si 
or carbon. Further, the accelerating section 30 may be arranged in 
such a manner as to accelerate the electron beam E using the 
electromagnetic field of a laser beam. Alternatively, a laser plasma 
accelerating method may be used. 

[0086] Furthermore, it is also preferable to provide an energy filter for 
passing an electron beam having a predetermined energy (e.g. lOMeV) 
therethrough between the accelerating section 30 and the output section 
60. In this case, passing the electron beam E emitted from the electron 
beam source 20 and accelerated by the accelerating section 30 through 
the energy filter makes it possible to utilize only a narrow energy range 
of the electron beam E. This allows the beam diameter when the 
electron beam E is imaged to be reduced between the reflecting mirrors 
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41 and 42, or the focal depth of the imaging to be increased, for 
example, in the second embodiment. It is also possible to limit the 
temporal spread of the electron beam E. 

[0087] The electron lens system 70, which employs the rotationally 
symmetric magnetic electron lens system using the focusing coils, may 
employ an asymmetric electromagnetic or electrostatic electron lens 
system such as a quadrupole electron lens. 

[0088] In addition, the sweeping of the electron beam E by the sweep 
section 50 may not use the electric field due to the deflection voltage 
applied between the deflection electrodes 51 and 52. For example, an 
RF cavity 53 may be provided, as shown in Fig. 10, to introduce an RF 
or microwave M therein for sweeping using the electromagnetic field 
thereof. It is further possible to use the electromagnetic field of a laser 
beam for sweeping. 

[0089] Also, as shown in Fig. 11, a deflection coil 140 may be provided 
between the sweep section 50 and the output section 60 and around the 
vacuum container 10. In this case, even if a y-ray or X-ray may be 
generated in the interaction region a due to the interaction between the 
to-be-measured light R and the electron beam E, the electron beam and 
the y-ray, X-ray can be separated by shifting the electron beam E using 
the deflection magnetic field of the deflection coil 140. It is therefore 
possible to reduce background noises due to the incidence of the y-ray 
and X-ray to the MCP 61. 

[0090] Further, the output section 60, which has the MCP 61, 
fluorescent screen 62, and output window 12, may employ an electron- 
bombarded CCD, being only required to convert the electron beam E 
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into an image. 

[0091] In addition, the to-be-measured light R is not limited to a laser 
beam. Further, when measuring to-be-measured light with the 
electromagnetic field being oscillated randomly, it is preferable to 
arrange a slit electrode nearer the photoelectric surface 20A than the 
sweep section 50 (i.e. between the reflecting mirror 42 and the sweep 
section 50) with the longitudinal direction thereof coinciding 
approximately with the direction perpendicular to the sweep direction. 
This is for the reason that it is possible to measure the displacement of 
the electron beam E having interacted with the to-be-measured light 
only in the longitudinal direction of the slit electrode. 
[0092] In general, the streak apparatus according to the present 
invention preferably includes: a vacuum container having an electron 
beam source provided on one end side to emit an electron beam and an 
output section provided on the other end side to convert the electron 
beam emitted from the electron beam source into an image; an 
accelerating section provided in the vacuum container to accelerate the 
electron beam emitted from the electron beam source; an irradiation 
optical system for collecting and applying to-be-measured light to the 
electron beam accelerated by the accelerating section; and a sweep 
section provided between the accelerating section and the output section 
in the vacuum container to sweep the electron beam having interacted 
with the to-be-measured light in a direction approximately 
perpendicular to the direction of a displacement of the electron beam 
generated through the interaction. 

[0093] In the thus arranged streak apparatus, it is also preferable to 
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accelerate the electron beam using a laser beam or an electromagnetic 
field generated in an RF cavity. This makes it easy to accelerate the 
electron beam to near the speed of light. If the speed of the electron 
beam is near the speed of light, the phase of the electron beam and the 
to-be-measured light is likely to be coherent during the interaction 
therebetween. Therefore, the electron beam is likely to be displaced 
by the to-be-measured light. 

[0094] It is preferable that the streak apparatus further include an 
electron lens system arranged in the stage following the accelerating 
section in the vacuum container to focus the electron beam from the 
accelerating section on the output section. In this case, since the 
electron lens system focuses the electron beam on the output section, the 
diameter of the electron beam on the output section is reduced so that 
the temporal resolution is likely to be improved. Also, the electron 
lens system is preferably arranged between the accelerating section and 
the sweep section. 

[0095] Furthermore, in the streak apparatus, the electron lens system 
preferably has a magnifying electron lens arranged in the stage 
following the region for the interaction between the to-be-measured 
light and the electron beam to magnify the displacement of the electron 
beam generated through the interaction with the to-be-measured light to 
form an image on the output section. In this case, the magnifying 
electron lens allows the displacement of the electron beam to be 
magnified and detected, which facilitates the detection even if the 
displacement may be small. Also, in such an arrangement, the 
magnifying electron lens is preferably arranged between the region for 
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the interaction between the to-be-measured light and the electron beam 
and the sweep section. 

[0096] It is preferable that the streak apparatus further includes an 
energy filter arranged between the accelerating section and the output 
section in the vacuum container to pass an electron beam having a 
predetermined energy therethrough. In this case, the energy dispersion 
of the electron beam after passing through the energy filter can be 
reduced relative to before passing through the energy filter. 
[0097] Also, in the streak apparatus, the electron beam source is 
preferably a photoelectric surface for converting received light into 
photoelectrons. In this case, photoelectrons are to be emitted and an 
electron beam is to be generated by applying a laser beam, etc., to the 
photoelectric surface. It is also possible to generate a pulse electron 
beam easily by applying a pulse laser beam. 

[0098] Further, in the streak apparatus, the sweep section preferably 
sweeps the electron beam using an electric field due to a deflection 
voltage applied between a pair of deflection electrodes that face each 
other across the tube axis of the vacuum container, a laser beam, or an 
electromagnetic field generated in an RF cavity. 

[0099] In the case of using a pair of deflection electrodes, the electron 
beam can be swept by applying a deflection voltage between the 
deflection electrodes and using an electric field generated between the 
electrodes. Also, in the case of using an RF cavity, the electron beam 
can be swept by introducing an RF or microwave into the RF cavity and 
using the electromagnetic field thereof. Further, in the case of using a 
laser sweeper, the electron beam can be swept using the electromagnetic 
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field of a laser beam. 
Industrial Applicability 

[0100] The streak apparatus according to the present invention is 
applicable to, for example, a measurement apparatus for clarifying 
attosecond range high-speed optical phenomena. 
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